Introduction
Physical activity is positively associated with cognition in older persons [1] . More specifically, randomized controlled trials in healthy older adults have revealed improved cognition, particularly executive functions such as inhibition and working memory [1] . Although some studies that offer a physical activity intervention (e.g. walking) to older persons with dementia show a beneficial effect on cognition, these studies often show methodological flaws such as no randomization or lack of a control group [2] . Moreover, not every older individual is able to engage in a physical activity such as walking. In general, older persons with dementia constitute a very frail group, especially those living in a nursing home [3] . As opposed to walking, a more suitable form of physical activity may be the performance of more specific tasks, for instance hand movements. This type of motor activity, combined with facial movements, was applied to older persons with Mild Cognitive Impairment (MCI), which resulted in higher scores on tasks that appeal to executive function [4] . The rationale behind this study was that hand movements are known to stimulate areas in the frontal lobe, including the anterior cingulate cortex, which are engaged in sensory, motor and cognitive processes [5] . Unfortunately, it is also the case that hand function is often reduced in aged people as a result of, for instance, rheumatoid arthritis or changes in neural control [6] . Even more so than in healthy older people, fine and gross motor control appears to be affected in older persons with Alzheimer's disease (AD) [7] .
It is notable that several brain areas are activated when one executes hand movements, and activation also occurs when one simply observes somebody else performing hand movements. Areas that are able to respond to, for example, hand motor activity executed by others, are believed to contain mirror neurons, and therefore are considered part of a 'mirror-neuron system' [8] . More specifically, mirror neurons are thought to be activated both when a movement is self-produced as well as when a movement is observed when performed by someone else [8] . Evidence for the presence of mirror neurons stems from neuro-imaging studies in cognitively healthy adults linking mirror neurons with empathy processes such as pain perception in others [9] and cognitive process such as learning [10] . Additionally, use of mirror neurons as a rehabilitation strategy has been suggested in stroke and neglect patients [11] .
During observation of hand movements, somatotopically organized neural circuits are recruited, just like in the actual execution of hand movements [12] . These areas include the (inferior) parietal lobe, Broca's area, supplementary motor area, dorsal premotor cortex and the superior temporal gyrus [8, [11] [12] [13] . Indeed, a well-described brain network connecting frontal, temporal and parietal regions, i.e. the superior longitudinal fasciculus [14] as also established by diffusion tensor imaging [15] , is both involved in the mirror neuron system [16] and shows deterioration in AD [17, 18] . Brain areas such as the prefrontal cortex and superior temporal gyrus are specifically known for their involvement in executive function and recognition of faces, respectively [1, 19, 20] . Face recognition is a cognitive function that is extremely important in social contacts [20] , disruption of which is a striking and very disabling consequence of dementia [21] and which can be already present in an early stage [22] . In sum, the observation of hand movements activates neural circuits that are involved in cognition and are affected in dementia. This notion makes hand movement observation attractive as a possible treatment strategy for cognitive impairment.
Although cross-sectional studies have shown that it is active rather than passive mental activities that reduce risk for dementia [23, 24] , intervention studies offering active mental training to older nursing home residents with dementia show limited cognitive benefits [25, 26] . Additionally, most studies include only limited numbers of participants or do not include a control group [25, 27] , rendering tentative positive findings debatable. In view of the nature of the participants and applicability of an intervention, we focus on a more passive mental activity. It is important to realize that mirror neurons could be activated during hand movement observation in 2 conditions: (1) looking at hand movements in real life, and (2) looking at hand movements on video [12] . An intervention that consists of watching a video is relatively simple to apply in a nursing home setting and easily replicated [28] . In the present study, it was examined whether watching a video with purposive actions of hands was beneficial for cognition, in particular face recognition, in older nursing home residents with dementia.
Subjects and Methods

Participants
Seven nursing homes in The Netherlands participated in the study. Possible participants were selected after consultation with the nursing and medical staff. Inclusion criteria used were: (1) age of at least 70 years, and (2) a diagnosis of dementia reported in the medical status. Oral and written consent was obtained from the participants and their relevant relatives or guardians. Approval for this study was granted by the medical ethics committee.
The global level of cognitive functioning was assessed by means of the Mini-Mental State Examination (MMSE) [29] . Individuals were excluded from participation if they had: (1) an MMSE score of ! 10; (2) an MMSE score of 1 24; (3) presence of visual disturbances as mentioned in the medical status, reported by the medical staff, or present during the MMSE assessment; (4) hearing difficulties; (5) history of alcoholism; (6) personality disorders; (7) cerebral trauma; (8) hydrocephalus; (9) neoplasm; (10) disturbances of consciousness, and (11) focal brain disorders.
All nursing home residents had received a dementia diagnosis or psychogeriatric indication prior to study onset. Unfortunately, neuro-imaging in the nursing home setting is not performed regularly in The Netherlands. Therefore, specific subtypes of dementia in the current population could not adequately be distinguished. Level of education was determined by a 7-point scale: 1 = did not complete elementary school; 2 = 6 grades of elementary school; 3 = 7 or 8 grades of elementary school; 4 = 3 years of lower general secondary education; 5 = 4 years of lower general secondary education; 6 = pre-university education and higher vocational education; 7 = university and technical college. Comorbid conditions were obtained from the medical status and classified into categories (by L.H.P.E.; table 1 ). Specific types of medication such as antipsychotics were also recorded. Symptoms of depression were measured by means of a Dutch version of the Geriatric Depression Scale [30] . A higher score indicates more symptoms of depression (maximal score = 30). Level of anxiety was established by the use of a subscale of a Dutch version of the Symptom Checklist Anxiety [31] . A higher score indicates more symptoms of anxiety (maximal score = 50).
In order to determine apolipoprotein E (ApoE) genotype, buccal swabs were taken by the primary researcher (L.H.P.E.) or a carefully instructed research assistant in the nursing homes by making use of Catch-all TM collection swabs (Epicentre, Madison, Wisc., USA). Two swabs were taken from each participant. Before the swabs were taken, participants were asked to rinse their mouth thoroughly, and afterwards the swabs were left to dry for 30 min. DNA was isolated from the swab according to the method described by Ilveskoski et al. [32] . The nucleotide sequence of primers used was derived from Gioia et al. [33] . ApoE genotype was indicated as ApoE4 allele present or not present.
Intervention
The interventions were performed in small groups with a maximum of 4 participants and took place in a small separate room in the nursing home. Both types of intervention were guided by psychology students. The interventions of both conditions were applied for 30 min, 5 days a week, for 6 weeks. When a participant was unable or unwilling to attend, the intervention was caught up with later that day or on the weekend.
Experimental Condition
In the experimental condition, the participants watched videotapes on which the hands of a person performing creative activities were shown. The videotapes were designed specially for the present study and consisted of 10 different tapes showing various kinds of activities, for instance cooking, painting, flower arranging, work with clay and needlework. The first shot contained an image of the person performing the activity and after that, the focus was entirely on the movements made by the hands. The person performing the hand movements gave short verbal explanations about the activities that were carried out.
Control Condition
To control for social aspects inherent in any group activity and for the visual stimulation by videotapes, a control group was included. In the control condition, participants watched 10 videotapes from a documentary of the Dutch provinces [34] . Images of Dutch cities and rural areas were shown on video; the videos included interviews with residents of the particular province.
To determine whether the videotapes in both conditions were considered equally entertaining, a short questionnaire was assessed directly after the intervention. The questionnaire contained 3 questions, which asked about the level of interest, the level of enjoyment and the level of attention to the videotape.
Assessment of Cognitive Function
An investigator blind to the treatment condition administered all tests directly before (pre-treatment, T1) and directly after the 6-week period (post-treatment, T2), and again after 6 weeks without treatment (delayed, T3). To assess memory and executive function (EF), the following neuropsychological tests were administered.
Memory
This was assessed with 3 tests: face recognition, picture recognition and an 8 words test.
(1) Face recognition. This subtest from the Rivermead Behavioral Memory Test (RBMT) [35] measures visual, nonverbal longterm memory. In this test the participant is shown 5 cards with faces. To make sure the participant has no visual problem, he/she is asked whether the person on the picture is male or female. After a short interval, the participant is asked to recognize the faces shown earlier among 5 other faces. The outcome measure is the number of faces correctly recognized minus the number of faces incorrectly recognized (maximal score = 10).
(2) Picture recognition. This is also a subtest from the RBMT [35] and measures verbal long-term memory. The participant is shown 10 cards with drawings of objects. With each card, the participant is requested to name the object on the card. After a short interval, the participant has to choose between 20 cards with objects and has to point out the objects already shown. The outcome measure is the number of objects correctly recognized minus the number of objects that were incorrectly recognized (maximal score = 20). [36] . During this test the examiner reads out 8 words in a row. This process is repeated 5 times, and each time the participant is asked to recall as many words as possible (immediate recall, maximal score = 40). After an interval of 15 min the participant is again asked to recall as many words as possible (delayed recall, maximal score = 8). For the last variable, the examiner reads aloud 16 words, which are the 8 words presented earlier and 8 new words. The participant is asked which words he/she recognizes from the list presented earlier (recognition, maximal score = 16).
Executive Function This was assessed with 2 tests: the digit span test (both forward and backward) and the category fluency test.
(1) Digit span (forward and backward) [37] . In the digit span forward condition, the participant is asked to a repeat series of digits read out by the examiner. In the digit span backward condition, the participant is requested to repeat a series of digits in the reverse order. This subtest is known to load heavily on working memory. The outcome measure is the number of series correctly reproduced (maximal score = 12).
(2) Category fluency [38] . In this test the participant is asked to name as many animals and professions as he or she can within 1 min (for each). This test requires a strategic search mechanism to retrieve information from semantic memory. The outcome measure is the total number of animals and professions produced.
Statistical Analysis
Differences between groups at baseline were analyzed by independent-samples t tests, 2 tests or nonparametric Mann-Whitney U tests. Scores on neuropsychological tests were converted to z-scores and, according to a factor analysis, added up to form specific domains: a memory domain, an executive function domain and a total cognition domain. Neuropsychological tests were also analyzed separately. At baseline, the cognitive domains and all neuropsychological test variables were compared between groups by using independent-samples t tests. A linear mixed model was used to analyze differences between groups on the 3 domains and on the separate neuropsychological tests at the 3 assessments. This modeling technique accounts for the correlation between repeated measures and permits unequal numbers of assessments, resulting from loss to follow-up. The model was fitted for any clustering effects, since participants were clustered within nursing homes. Time was used as a within-subjects variable (T1-T2-T3) and group as the between-subjects variable (experimentalcontrol). When significant time ! group interactions were found, post-hoc interaction contrasts were determined, i.e. T1-T2, indicative for treatment effects, and T2-T3, indicative for longterm treatment effects [39] . To explain the interaction effects, paired-sample t tests were applied to evaluate differences within the experimental and control groups. In view of the exploratory nature of the study, separate paired-sample t tests were performed to investigate the effects on the test which was presumed to be most sensitive to improvement after this specific intervention, i.e. the face recognition test. When a lack of difference (in means and standard deviations) between 2 levels (baseline T1 and T3) could be demonstrated, means were pooled. The use of this procedure results in a considerable gain of discriminative power as compared to an overall F-statistic of an analysis of variance and has successfully been used previously [40] . Correcting for multiple analyses over the 8 cognitive variables, the Bonferroni correction was applied to the significance level of p = 0.05, which resulted in a critical value of p = 0.006. An alpha from 0.006 to 0.01 was considered a trend. All statistical analyses were performed using SPSS version 11.5 (SPSS, Inc., Chicago, Ill., USA).
Results
Participant Flow and Characteristics
From the 47 aged nursing home residents with dementia (45 women) who were enrolled in the study, 3 participants dropped out during the intervention (all experimental group) and denied further assessment. Three other participants did not want to finish the entire intervention but did undergo the assessment after the intervention (T2). Forty-four participants were included in the modified intention-to-treat analysis (experimental group n = 19, control group n = 25). Two participants withdrew consent during the last assessment (T3; 2 from the control group) and 1 from the experimental group became too ill to participate ( fig. 1 ) . Table 1 compares baseline characteristics between groups. The mean age of all participants was 85.7 years and mean MMSE score was 17 (range 10-24). Groups did not differ significantly concerning age and mean MMSE score ( table 1 ) . There were no differences in gender and education between groups [ 2 (1) = 0.04, p = 0.84, and z = -0.21, p = 0.84, respectively]. The types of diagnosis that were mentioned in the medical status were: AD (n = 7); vascular dementia (n = 6); combined AD and vascular dementia (n = 6), and dementia not further specified (n = 25). The distribution of subtypes of dementia did not differ between groups (z = -0.96, p = 0.34). Furthermore, groups did not differ in level of depression and anxiety ( table 1 ) . Specific conditions in the medical history of the participants included hypertension (n = 15), arthrosis (n = 10), diabetes mellitus (n = 9), cataract surgery (n = 8), peripheral vascular disease (n = 8), hernia (n = 7), atrial fibrillation (n = 6), decubitus ulcer (n = 5), hyper-/hypothyroidism (n = 5), myocardial infarction (n = 5) and tumors (n = 5). None of the main categories differed between groups ( table 1 ) , nor did total number of conditions (z = -0.07, p = 0.94). Cholinesterase inhibitors were not prescribed to any of the participants. There were no differences between groups in medication use ( table 1 ) . ApoE genotype could be assessed in 24 out of the 44 participants (54.5%): 7 participants (15.9%) were too ill or died before assessment, 4 of the participants' relevant relatives (9.1%) denied consent, and in 9 of the samples (20.4%) the amount of DNA isolated from the swab was too little to get a reliable result even after several attempts.
The level of amusement elicited by the tapes in the experimental group did not differ significantly from the tapes in the control condition (z = -1.59, p = 0.11).
Cognition
Means and standard deviations of the experimental and control group on the 3 different assessments are shown in table 2 .
Memory Domain A factor analysis revealed that the memory domain could best be formed by all subtests of the RBMT and the 8 words test, except for delayed recall variable on the 8 words test (Cronbach's alpha = 0.73). At baseline, there was no significant difference between groups [t(42) = 1.55, p = 0.13]. The mixed model analysis revealed no significant time ! group interaction ( table 3 ) . 
EF Domain
This was composed of the digit span backward and category fluency (Cronbach's alpha = 0.74). There was no significant difference between both groups at baseline [t(42) = 1.57, p = 0.13]. In the mixed model analysis no significant time ! group interaction effect was found ( table 3 ) However, a pairedsample t test, using T1-T3 pooled means, revealed a significant improvement in the experimental group [t(16) = 3.17, p = 0.006]. Results could not be pooled for the control group since T1 and T3 assessments were not similar. Paired-sample t test comparing T1 and T2 of the control group did not turn out to be significant [t(24) = -1.00, p = 0.33]. 
Discussion
Although in the present pilot study we did not observe an overall positive effect of the observation of hand motor activity on the different cognitive domains in nursing home residents with dementia, specific cognitive functions seem to be more sensitive to the intervention than others. One significant interaction effect was found on the digit span forward subtest, which is a measure of general attention [37] . The experimental group showed an improved performance on this test. Additionally, comparison of the pooled means of the T1 and T3 assessment compared to T2 assessment on the face recognition test showed an interesting result. Performance in the experimental group improved, whereas the performance in the control group did not. A possible explanation for this finding may be that, as stated earlier, the area surrounding the superior temporal sulcus, involved in the recognition of faces, and known to include mirror neurons, is activated by observing hand movements [20] . One might speculate that activation of this area in the experimental condition has stimulated the superior longitudinal fasciculus, involving connections between the superior temporal regions, the parietal cortex and the frontal cortex [14, 15, 41] . It is noteworthy that the superior temporal/ parietal regions, in turn, play an important role in attention [42] , which may provide a possible explanation for the improved digit span forward score.
In future research one may try to extend the video intervention to optimize its possible beneficial effect on cognition. One may consider including imitation of the observed hand movements, since this activity activates mirror neurons to a larger degree [43] . Also, activation of mirror neurons is stronger during the observation of 'live' hand movements compared to observing those on video [28] . Be that as it may, observation of hand movements on video activates mirror neurons in several studies [12, 13] . Besides, merely observing a video may enhance the suitability of the intervention for the current population. More specifically, older persons in a nursing home setting may be limited in their ability to perform hand motor activities [6] . An intervention is also more applicable when movements are observed on video rather than in real life. Watching videos, both alone and in a group, proved to be an appropriate activity for older persons with dementia [44] . A possibility to increase the effect on cognition could be applying videotapes involving additional movements, e.g. bending of the torso, movements of the head and arms, and particularly movements of the mouth [12, 45] . In addition, videotapes may be adapted to the specific interests of the target group, for instance by including elements of former jobs or hobbies.
To investigate to what degree these proposed interventions would activate mirror neurons in older persons with dementia, neuro-imaging studies are a prerequisite.
The choice of the control videos warrants attention. We selected control videos that showed a documentary of the Dutch provinces and included short interviews, to attempt to control for the verbal conversation element in the hand movement videos. This element, however, may have stimulated the area around the superior temporal sulcus as well, since this area is also sensitive to moving bodies and expressive gestures [46] , elements that were present in the control videotapes. Therefore, the control videotapes in the current study may not have been ideal. Instead, a documentary on scenery and landscapes without the presence of humans/animals may be a better choice. Additionally, although there was no significant difference in the level of interest for the videotapes of both conditions, the small questionnaire used in the present study was not validated for the population. Since impairments in verbal comprehension are common in dementia [47] , it is recommended that in future studies, verbal comprehension should be assessed to make sure such a questionnaire is correctly understood.
One limitation of the present study is the lack of knowledge to what degree the participants paid attention to the videotapes. It is well-known that older persons with dementia have a limited attention span [48] . For this reason, the students that attended the intervention were carefully instructed to try to keep the participants focused on the screen as much as possible. When the participants' gaze was directed to the screen however, it remains unknown whether focus was actually directed at the hand movements. Future studies may consider use of portable eye-trackers to determine exact direction of the gaze [49] .
A second limitation of the present pilot study is the lack of determination of the ApoE genotype in all participants. The presence of an ApoE4 allele is a risk factor for AD [50] and may modify the effects of motor activity on cognition. Support for this notion comes from studies investigating the effects of pharmacological interventions, i.e. cholinesterase-inhibitors. The specific role of the ApoE4 allele is, however, controversial since results have been inconsistent [51, 52] . In addition, epidemiological studies have shown that the relationship between physical activity and cognition in older adults was either especially apparent in ApoE4 carriers [53] , or in ApoE4 noncarriers [54] . Notably, the presence of an ApoE4 allele may be accompanied by a diminished metabolic activity in the cholinergic nucleus basalis of Meynert, not only in persons with AD [55, 56] but also in controls [55, 57] . Activity differences in this system may interfere with many cortical processes [55] . All in all, although the precise role of the ApoE genotype is unclear, presence of the ApoE4 allele may have influenced study outcome. Exploration of the precise role of the ApoE genotype in response to nonpharmacological intervention studies should be the focus of future research efforts.
In sum, although this pilot study does not show an overall positive effect of movement observation on cognition in nursing home residents with dementia, the results do suggest that hand movement observation might exert a beneficial effect on face recognition. Use of videotapes may offer an easily applicable type of intervention in the nursing home setting. Additionally, optimizing the level of activation of brain areas that are part of the mirror neuron system could be of clinical importance and should therefore be the focus of future studies. These studies, using larger sample sizes, could present firm conclusions about the effectiveness of hand movement observation on cognition in older persons with dementia.
